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DESIGN 0*' A STEEL GRAND-STAND,
A large majority of the grand-stands now in existence are
built almost entirely 01 wood. Withxn the last few yeaxs, how-
ever, many of the most important structures throughout the country
have been rebuilt using steel or reinforced concrete. The
reasons
for this improvement are three fold: (1) a fire-proof
structure
is desired, (2) a more reliable material is needed for
stands hav-
ing a greatly increased seating capacity, and (3) the
use of a
more durable material is ultimately cheaper.
Whether an all-cteel or a reinforced concrete grand-stand
should be built can be decided only when the conditions
existing
at a particular location are known. In most cases,
however, the
all-cteel structure will be the better, because (1) it is
easier
to properly erect, (2) its first cost is usually less,
and (5)
it is easier to inspect during and after construction,
and thus
the condition of the structure can be determined at any
time. The
largest all-steel grand-stands now in existence are, the
one at
Belmont Park, L. I., having a seating capacity of 11,000,
and the
one at the Pittsburg National League Ball Park, having a
capacity
of about 30,000.
The grand-stand herein designed is for one side of the
Illinois Football Field, and to afford a good view for the
specta-
tors in the upper deck it must be so placed that the
distance from
the front of the stand to the gridiron is about
seventy-five feet.
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This allows the building of a running track around the field,
which is visible only to those in the lower deck. It is probable
that this would not cause any inconvenience, because a track -meet
seldom attracts as large a crowd as a football game. The main
floor of the stand is 533 1/3 feet long, 62 feet deep, and rises
to a height of 20 feet. It is supported by columns spaced 16 2/3
feet apart, longitudinally, and 14 feet 7 inches, transversely.
The upper deck forms the front half of the roof, which extends the
full length of the main floor, and is 70 feet wide. It is support-
ed by transverse trusses, spaced 16 2/3 feet apart, which are in
turn supported by longitudinal trusses, each 66 2/3 feet long.
This arrangement reduces to a minimum the number of columns ob-
structing the lower deck. The slope of the seats in the upper
deck is two in three, thus making the highest part of the stand
about 53 feet above the base of the columns. A space 18 1/2 in-
ches by 31 inches is allowed for each person. The aisles, which
are 33 1/3 feet apart, are 52 inches wide for the first 12 tiers
of seats in the lower deck, and 34 inches for the remaining 12
tiers and the upper deck. This makes the capacity of the main
floor 4680 and that of the upper deck 2600, a total of 7280.
In the design of the structure dead load, live load and
winu loau were considered, it being unnecessary to design for
snow load, as the combination of live load and snow load would
never occur, and therefore the larger one governs. The dead load
was computed and was found to be about 40 pounds per square foot
of horizontal projection on that part subject to live load, and
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20 pounds at other places. The live load was taken at 100 pounds
per square foot. Thi3 allows a coefficient of impact of 100 per
cent when the stand is filled to its capacity. The wind load was
computed from Duchemi^s formula for a pressure of 30 pounds per
square foot of vertical projection. It was assumed that the en-
tire horizontal component of the wind was taken by the rear col-
umns and was transferred by them to the seat-beam. A heavy an-
chorage is, therefore, necessary for the lower end of the seat-
beam.
The entire structure, with the exception of the column
footings and the wearing surface of the floors, is to be of steel.
The seats will be a type of opera chair. On account of the dif-
ficulty of making a good connection of the front columns with the
trusses, channel-sections were discarded in favor of Zp-bars. It
was decided to use slag concrete in the roof and floors because
of its small weight, but ordinary limestone concrete will be used
in the footings. Pour tons per square foot was assumed as the
bearing power of the soil.
The stresses in the transverse trusses were obtained by
graphic methods, while all others were computed algebraically.
The stress diagrams for the transverse tmeses are shown in Plate
I, and the tables of stresses are showr: on Tobies londU . Plate
II contains outline drawings of all trusses and main members, and
shows the maximum and minimum stresses, together with the sections
designed, Plate III contains a detailed drawing of the transverse
truss over the columns and a front longitudinal truss, together
with the floor detail for both the upper and lower decks, and the

Stress Diagrams for
Transverse Trusses
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TABLE I
STRESSES III INTERMEDIATE TRANSVERSE TRUSSES.
Dead
Load
Pull
Live
Load
Half
Live
Load
wind
Leix
wind
KlgnTJ
Max* mxii •
X- 1 + 3500 4- 8700 + 8700 4-12200 4-3500
x- 2 + 3500 4- 8700 4- 8700 - 2400 4-12200 41100
x- 4 4- 7000 -1-17500 +-17500 - 3500 +24500 + 3500
x- 8 - 5200 -13200 000 4-3500 - 3500 -21900 -1700
x-19 -1- 000 000 000 +-1800 - 1800 + 1800 -1800
x-19 - 2900 - 7300 000 1000 4-1000 -11200 -1900
x- 9 - 2900 - 7300 000 1000 4-1000 a 1200 -1900
x-13 - 6200 -10900 4- 8700 4700 +2100 -30b00 4-4600
x-14 - 6200 -10900 4- 8700 4700 +2100 -30500 4-4600
x-16 - 4400 - 6500 4- 5300 - 2800 4-1200 a9000 4-2100
x-18 -1- 2800 • 000 + 3200 -+ 6000 +2800
7- 1 2900 - 7300 - 7300 - 1000 11200 -2900
V- 5 - 5800 -14600 -14600 - 2000 .-22400 -5800
7- 5 - 8700 -21900 -21900 2900 -33500 -8700
7- 6 - 8700 -21900 -21900 2900 -33500 -8700
7-10 • 1600 - 5600 -17500 - 3800 4- 700 -22900 +11000
7-12 + 5500 4-10900 -J 3100 4600 4-1500 4-31000 -12200
7-15 4- 3600 -1- 5500 • 4400 9300 4-6100 +19600 -10100
7-17 - 2300 11700 + 6800 -14000 4- 4500
7-18 - 2300 000 - 3900 - 6200 - 2300
X- 2 - 3900 - 9700 - 9700 - 1300 -14900 -3900
2- 3 -1- 4900 12100 +12100 +-1700 +18700 4- 4900
3- 4 5800 -14500 -14500 - 1900 -22200 - 5800
4- 5 -1- 6500 16300 4-16300 4- 2200 425000 4 6500
5- 6 -27100 -65600 -35100 1 3100 - 2900 -95600 -240Q0
6- 7 -KL2000 4-27200 4- 7400 1400 4-1200 +40 400 +10600
7- 8 4- 5900 4-16500 +17500 - 6400 4 2200 +25600 - 1500
8- 9 - 5200 -13100 • 1700 4-1800 -20000 - 3400
9- 9 1 - 2900 - 2900
7-10 - 9500 -21800 - 5900 +- 1J00 - 1000 -32300 - 8400
8-11 - 1200 4-13100 - 5600 4-1400 -19900 +13300
10-11 4-12000 +27400 4- 7400 - 1400 + 1200 +40600 410600
11-12 - 9500 -21800 - 5900 4- 1100 - 1000 -32300 - 8400
12-13 4- 1100 n + 7400 — 3900 + K70O 41 2200 — in ?nn
13-14 - 4400 - 7300 o n o -11700 — 4.Ann
14-15 4- 4300 4- 9200 • 7400 4- 3900 - 3700 +24600 - 6800
15-16 - 4000 - 3700 4-3000 - 1500 4- 500 -12200 - 500
16-17 4- 7200 + 6600 - 5300 4- 2800 900 +21900 + 1000
17-18 -10900 - 7300 4-5900 - 3100 4300 -28 400 - 5000
R. +27100 4-65630 4-35100 - 3100 +2900 4 95600 + 24000
V-R. +10900 4- 7300 + 5900 + 3100 +4300 + 28400 + 500 C
H-R 000 000 000 11700 10700

TABLE H
ADDITIONAL STRESSES IN TRANSVERSE TRUSf
OVER COLUMNS
•
rtIND LEFT WIND RIGHT MAX. IfT TiTMIN*
x-13 +38500 -3ooG0 +26100
-520001 A
x-14 +38300 —3oo00
X- 7 + y4o0 — y4oo +<5O4U0 - 3300
X-lD +4t>000 —4oO(JO +44100 —olOOO
X-Il +18870 -18900 +35300 -30800
y-10 - 9500 + 9500 -32400 +20500
y-12 -19000 +19000 -31300 +50000
v-15 -38000 +38000 -48100 +57600
A-17 +63900 -63900 +49900 -59400
y- a -90200 +90200 -90200 +90200
6- 7 -15800 +15800 - 5200 +56200
7-IO +12500 -12500 + 4100 -44800
10-11 -15800 +15800 - 5200 +56400
11-12 +12500 -13500 + 4100 -44800
12-13 -15800 +15800 -36000 +28000
14-15 -1-15800 -15800 +40600 -22600
15-16 -38000 + 38000 -50200 +375000
16-17 -46000 +46000 -41300 +6 4200
17-18 + 4500 - 4500
WIND MOMENT IN REAR COLUMN.
H= 46800
d= 10x13 1/3x69 "-105"= 38"
M= 46800x38= i,780,000# M
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connection of the seat-beam to the columns. Plate IV shows Loth
in plan and elevation all bracing not indicated in the preceding
plates.
For the design of the steel sections Ketchun^s "General
Specifications for 8teel Mill Buildings" were used. The follow-
ing are the unit stresses allowed by these specifications:
Tension - 16,000 pounds per square inch.
Compression - 16,000 - 70 J, pounds per square inch,
wliere 1 is the length in inches, and r is the least radius of
gyration.
Shear on rivets - 11,000 pounds per square inch.
Bearing" • - 22,000
Field rivets were considered as having two-thirds the value of
shop rivets. The smallest angle used is a 2 l/2"x 2"x 1/4".

Section Through Lower Deck
PLATE H
DESIGN of a STEEL
GRAND-STAND
Diagrams Showing Main
Members, Their Stresses,
and the Sections Designed.
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ESTIMATE OF COST.
The cost of the grand-stand is as follows:
820,000 pounds of steel @ 3 l/Z$ $28,700.00
329 yards floor concrete @ $10.00 3,290.00
81 yards concrete footings @ $5.00 405.00
122,000 pounds corrugated steel @ 3 1/2^ 4,270.00
2666 » of 1 1/2" gas pipe @ 11$* 500.00
TOTAL ESTIMATED COST. $36,965.00



